Calculations of energy levels, radiative rates and lifetimes are reported for 17 F-like ions with 37 ≤ Z ≤ 53. For brevity, results are only presented among the lowest 113 levels of the 2s 2 2p 5 , 2s2p 6 , 2s 2 2p 4 3ℓ, 2s2p 5 3ℓ, and 2p 6 3ℓ configurations, although the calculations have been performed for up to 501 levels in each ion. The general-purpose relativistic atomic structure package (grasp) has been adopted for the calculations, and radiative rates (along with oscillator strengths and line strengths) are listed for all E1, E2, M1, and M2 transitions of the ions. Comparisons are made with earlier available experimental and theoretical energies, although these are limited to only a few levels for most ions. Therefore for additional accuracy assessments, particularly for energy levels, analogous calculations have been performed with the Flexible Atomic Code (fac), for up to 72 259 levels. Limited previous results are available for radiative rates for comparison purposes, and no large discrepancy is observed for any transition and/or ion.
Introduction
Transitions of F-like ions are prominent in high temperature plasmas [1, 2] and are useful for diagnostics. While transitions of low Z elements are comparatively more important for the study of astrophysical plasmas, the heavier ones are of more interest in laboratory sources. Of particular interest are ions of the fifth row elements, because these are increasingly injected as impurities in tokamak fusion plasmas. Considerable attention has been paid to calculations of atomic data for low Z elements, such as energy levels and radiative decay rates -see for example [3, 4] . However, similar atomic data are (generally) lacking for heavier ions, although Sampson et al. [5] have performed calculations for a wide range of F-like ions with 22 ≤ Z ≤ 92 by using their Dirac-Fock-Slater (DFS) code. Their focus was on collisional data, but they also reported oscillator strengths for electric dipole transitions, although only from the lowest three levels of the 2s 2 2p 5 and 2s2p 6 configurations to the 110 excited levels of 2s 2 2p 4 3ℓ, 2s2p 5 3ℓ and 2p 6 3ℓ. Furthermore, they did not report energy levels, although these can be inferred from their tabulations of collision strengths, but only for a few ions, as for brevity they did not report data for all. Similarly, Jönsson et al. [6] have calculated energies and radiative rates (A-values) for a wide range of ions with 14 ≤ Z ≤ 74. They adopted the general-purpose relativistic atomic structure package (grasp) code [7] and have included very large configuration interaction (CI) for the calculations. However, their results are restricted to the lowest 3 levels of the 2s 2 2p 5 and 2s2p 6 configurations. For the same transitions, measurements for wavelengths have also been made in laser-produced plasmas for many F-like ions, i.e. 38 ≤ Z ≤ 50 [1, 2, [8] [9] [10] . Additionally, Zigler et al. [11] have identified 11 lines in the 6-7Å range of the (2s 2 2p 5 ) 2 P -(2s 2 2p 4 ) 3s, 3d transitions of Rb XXIX. However, for modelling applications a larger set of data are (preferably) required. With this in mind and the requirements for the developing ITER project, we have already reported energy levels and A-values for two ions, namely Kr XXVIII [12] and Xe XLVI [13] , and here we calculate similar data for all F-like ions with 37 ≤ Z ≤ 53.
As in our earlier work [12, 13] , we adopt the grasp code for our calculations, and for the optimisation of the orbitals use the option of 'extended average level' (EAL), in which a weighted (proportional to 2j+1) trace of the Hamiltonian matrix is minimised. However, our version of the code is slightly different from the one used by Jönsson et al. [6] , although all versions originate from the same source [14] 
Energy levels
In our earlier work [12, 13] Tables 1-17 for ions with 37 ≤ Z ≤ 53. We note that energies of the higher levels from other configurations lie above the listed 113 and there is no mixing for any ion considered here.
For any calculation it is very important to assess accuracy so that results can be confidently applied in plasma modelling [15] . It is generally easier to assess the accuracy of energy levels if corresponding experimental data are Another method of assessing accuracy is to perform calculations by a different and independent approach. For this we have adopted the Flexible Atomic Code (fac) of Gu [16] . This is also a fully relativistic code and is available from the website https://www-amdis.iaea.org/FAC/. The advantages of FAC are that it is highly efficient to run and generally yields results comparable to those obtained with other atomic structure codes, as has already been demonstrated in several of our earlier papers, including those on F-like Kr XXVIII [12] and Xe XLVI [13] . Therefore, the results obtained (FAC1) with the same CI as with grasp are also listed in Tables 1-17 . Both sets of energies, for all ions, agree very well (within 0.05 Ryd) and there is no serious discrepancy in level orderings. However, this result is fully expected and therefore not very useful for assessing the accuracy. For some ions, the inclusion of a very large CI helps to improve the accuracy of the energy levels, as already noted in our earlier work [12, 13] . We have hence performed another calculation (FAC2) with 38 089 levels. The levels additional to those of FAC1 arise from all possible combinations of the (2*5) 3*2, 4*2, 5*2, 3*1 4*1, 3*1 5*1, and 4*1 5*1 configurations. These results are also listed in Tables 1-17 , but we discuss in detail, as an example, level energies for only Sr XXX.
In comparison to FAC1, the energies from the FAC2 calculations are lower by up to 0.17 Ryd (≤ 0.1%) for many levels, but there is no (major) discrepancy in level orderings. More importantly, the FAC2 energies are consistently lower for all levels and therefore are assessed to be comparatively more accurate. Since the effect of the additional CI included in FAC2 is noticeable, this may increase with yet more CI. Therefore, we have performed another calculation (FAC3)
by almost doubling the number of levels, specifically by including 72 259 levels in total, the additional ones arising from the (2*6) 6*1 Tables 1-17 should not be taken as definitive, as a few may (inter)change depending on the calculation with different codes and/or CI. We have attempted to identify the levels based on the strength of their eigenvectors, but for a few ambiguity remains, such as 6/38, 8/26 and 24/31. This is because in such cases a single eigenvector of a configuration state function (CSF) dominates in several levels.
As already stated, experimental energies for some levels are available on the NIST website for a few ions, namely
Rb XXIX, Sr XXX and Mo XXXIV. Energy levels for Sr XXX have already been compared with theoretical results [17] , which are similar to our calculations. Therefore, in Tables B and C we compare our results with those of NIST for the common levels of Rb XXIX and Mo XXXIV, respectively. The NIST energy levels for Rb XXIX have been compiled by Sansonetti [18] and generally agree with our calculations, although differences for a few are up to 0.4 Ryd -see for example levels 36, 51, 53, and 66 in Table B . There is no trend, because for some our energies are higher and for a few lower. Additionally, there are some differences in the level designations and for this reason we have included mixing coefficients for these levels plus a few other which will help to explain the reason. As an example, level 40 is designated as 2s Energies for a few levels for Mo XXXIV have been compiled by Sugar and Musgrove [19] and are included in Table C along with our corresponding results from GRASP. The differences for a few levels are up to 0.45 Ryd (0.2%), particularly for level 43, i.e. 2s 2 2p 4 3d 4 F 3/2 . Additionally, as for the levels of Rb XXIX in Table B , for Mo XXXIV there are some differences in label designations between our results and NIST. The change of labels are for 30/46, 31/72, 43/72, and 45/46, and for this reason we have provided mixing coefficients for these levels in Table C . Apart from these, many more levels are highly mixed and therefore there are always differences in the level designations between any two independent studies.
Finally, as stated earlier, Jönsson et al. [6] Tables 1-17 are accurate to ∼0.5%.
Radiative rates
In Tables 18-34 in [12] . Additionally, we list the ratio (R) of the velocity (Coulomb gauge) and length (Babushkin gauge) forms which generally give an indication of the accuracy. The indices used to represent the lower and upper levels of a transition are defined in Tables 1-17 . Furthermore, for brevity only transitions from the lowest 3 to higher excited levels are listed in Tables 18-34 , but full tables are available online in the electronic version.
Jönsson et al. [6] have reported A-values for transitions among the lowest 3 levels of F-like ions, and in Table E we compare our results for the 1-3 E1, 2-3 E1, 1-2 M1, and 1-2 E2 transitions. There is no discrepancy for any transition and/or ion and all results agree to better than 5%. This is highly satisfactory and to a certain extent confirms the accuracy of our results. However, this comparison is very limited and therefore in Table F we compare our f-values for three ions, namely Mo XXXIV, Pd XXXVIII and Sn XLII with the earlier work of Sampson et al. [5] , for all E1
transitions from the ground level. Since the level orderings are not the same for all ions, the upper level J is also listed in this table which corresponds to Tables 6, 10 
Lifetimes
Once the A-values are known, the lifetime τ of a level j can be easily determined as 1.0/Σ i A ji , where the summation includes results from all types of transitions, i.e. E1, E2, M1, and M2. Since this is a measurable quantity it helps to assess the accuracy of radiative rates, particularly when a single A-value for any type of transition dominates. To our knowledge no measurements of τ are available for the levels of the F-like ions considered here, but in Tables 1-17 we have listed our calculated results for future comparisons and assessment of accuracy. Previous theoretical results are available for only one ion, namely Sr XXX [17] , for which there is discrepancy for only level 2, i.e. 2s 2 2p 5 2 P o 1/2 , and the τ of [17] is underestimated by a factor of 2 as already explained [20] .
Conclusions
Energies for the lowest 113 levels of the 2s 2 2p 5 , 2s2p 6 , 2s 2 2p 4 3ℓ, 2s2p 5 3ℓ, and 2p 6 3ℓ configurations of 17 F-like ions with 37 ≤ Z ≤ 53 are reported. For the calculations the grasp code has been adopted, although for an accuracy assessment the fac is also employed with much more extensive CI. Based on several calculations with both codes and comparisons with available theoretical and experimental data, our energy levels are assessed to be accurate to better than 0.5%, for all ions. However, for a few levels of each ion there is some ambiguity in level designations, because of very strong mixing with often one eigenvector of a CSF dominating in magnitude for several levels.
Radiative rates for E1, E2, M1, and M2 transitions are also reported among the lowest 113 levels, and our data are significantly more extensive than currently available in the literature. However, there is no major discrepancy for any transition and/or ion. Based on several comparisons with different calculations, the accuracy of our A-values is assessed to be ∼20%, particularly for strong transitions with large f-values, although for very weak transitions the reported A-values may be comparatively less reliable.
For future comparisons, lifetimes for these levels are also listed although no measurements are currently available in the literature. However, previous theoretical values are available for the levels of Sr XXX, and there is no discrepancy with our work, except for one level. Finally, calculations for energies have been made for up to 38 089 levels and for
A-values among 501 levels, for all ions. Therefore, a larger set of data than presented here for any ion may be obtained on request from the first author (K.Aggarwal@qub.ac.uk).
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Appendix A. Supplementary data
Owing to space limitations, only parts of Tables 18-34 are presented here, but full tables are being made available as supplemental material in conjunction with the electronic publication of this work. Supplementary data associated with this article can be found, in the online version, at doi:nn.nnnn/j.adt.2016.nn.nnn. Experimental: see Jönsson et al. [6] GRASPa: earlier calculations of Jönsson et al. [6] with the grasp code GRASPb: present calculations with the grasp code for 501 levels FAC: present calculations with the fac code for 38 089 levels 
